Since the early 1990s, penetration of internet has accelerated significantly in the world. 
Introduction
Since the early 1990s, penetration of information and communication technologies (ICTs) has accelerated significantly in the world. Widespread expansion in the use of ICT has caused discussions on the impact of ICT on economic variables. Productivity affect of ICT usage is the most discussed impact of ICT usage in the literature.
At the theoretical level, ICT penetration can improve the productivity of firms through several channels. First, ICT use can improve productivity of firms by reducing their transaction and productions costs. With ICT use, firms are able to communicate better, faster and at lower costs which reduce both internal and external transaction costs (Meijers, 2014, p. 139) and thus lowering production costs and enhancing productivity. Second, ICT usage can facilitate productivity of firms by allowing firms to conduct their business, marketing and pricing more efficiently. ICT enables firms to contact their customers directly by bypassing retailers, facilitates organizational capabilities such as customer relationship ability, reduces the amount of inventories, concludes their transactions and contracts faster, and reduces their time and efforts spent on international communication and marketing research (Choi, 2003; Bianchi and Mathews, 2016) . Third, ICT can force firms to become more productive by intensifying market competition. ICT lowers entry barriers and costs and thus makes entry into several markets easier. Both lower transaction costs and lower entry barriers result in a greater market competition (intensified competition in the market) which leads to increase in the firm's productivity. (Salahuddin and Gow, 2016; Sanchez et al., 2006) . Fourth, ICT usage can enhance productivity of firms by improving management and organizational efficiency of the firm. ICT penetration enhances the quality of decision-making and the efficiency of resource management of firms (Pradhan et al., 2014; Vu, 2011; Sanchez et al., 2006) . Firms can take better decisions, make the most efficient use of resources in their operations and develop flexible and sensitive responses to changes of market conditions (Jung, Na and Yoon, 2013) . Fifth, the use of ICTs in the private sector can increase productivity of firms by generating innovation and technology diffusion. ICT enables firms to access to new technologies, improves their products and services, develops new products, processes and business models, and collaborates for producing specialized inputs which in turn increases productivity of firms (Bertschek, Cerquera and Klein, 2013; Salahuddin and Gow, 2016) . Efficient usage and exchange of knowledge among scientific institutions and business contributes into strengthening of innovative process which results in an increase in productivity (Czernich et al., 2011; Maciulyte-Sniukiene and Gaile-Sarkane, 2014, p. 1271) . Lastly, the penetration of ICT use can enhance productivity by fostering improvement in labor skills, consumer sophistication and an increased level of broad-based education (Vu, 2011, p. 357) .
The impact of ICT on labor productivity at firm and industry level has been studied by many authors: Brynjolfsson and Hitt (2003) , Hu and Quan(2005) , Stiroh (2002) , Oliner and Sichel (2000) for the USA; Daveri (2002) for European Union (EU) economies; Sanchez, Rata, Duarte and Sandulli (2006) for Spain; Lehr and Lichtenberg (1999) for Canada; Oulton (2002) , O'Mahony and Vecchi (2005) for UK, Fabiani, Schivardi, and Trento (2005) , Atzeni and Carboni (2006) for Italy; Jalava and Pohjola (2002, 2008) for Finland, Grimes, Ren and Stevens (2012) for New Zealand, Jung, Na and Yoon (2013) for Korea; Vu (2013) for Singapore; Jorgenson and Motohashi (2005) for Japan. Firm level empirical studies support the theory and indicate that ICT has positive and significant effects on labor productivity.
However, firm-level productivity effects of ICT usage can differ depending on how information intensive the firm is (Kumar, Stauvermann and Samitas, 2015, p. 1) and how information technologies are used (Czernich et al., 2011, p. 508) . ICT use and investments may lead to a rise of the total factor productivity at the macroeconomic level depending on the presence of complementary inputs such as skilled labor, experience, organizational structure and practices (Autor et al., 2003; Bloom et al., 2011; Czernich et al., 2011) .
The purpose of this study is to look at the macrolevel effects of the internet on various indicators of productivity. We used a dataset consisting of a panel of annual observations for 162 countries. Another important point that distinguishes our paper form other contributions on ICT and productivity is that we employed the most comprehensive set of productivity indicators (13 productivity indicators) instead of using only one indicator.
This article proceeds as follows. In the following section we introduce our data, model, and our empirical strategy. Estimation results are given in section 3. We offer concluding thoughts in the final section. sbd.anadolu.edu.tr 
Empirical Framework
We investigated the impact of internet penetration on productivity by using 13 productivity indicators. The period under study is between 2000 and 2013. Our largest sample includes 162 countries.
1 By using unbalanced panel data, we estimate the following one-way bivariate and multivariate fixed effect models (FEM); (1) ( 2) and the following one-way bivariate and multivariate random effect models (REM); 
where it subscript stands for the i-th country's observation value at time t for the particular variable. All variables are in logarithmic forms. β 1i represents country specific factors not considered in the regression, which may differ across countries but not within the country and is time invariant. ε i is a stochastic term, which is constant through the time and characterizes the country specific factors not considered in the regression. it u is error term of the regression.
Our dependent variable is productivity (PRD). Thirteen different productivity indicators are used in order to evaluate the sensitivity of our empirical results. Results may vary depending on which productivity indicator is used. If the results hold across different productivity indicators, it will be an indication of their robustness. The list of dependent variables, their definitions, and the data sources are given in Table 1 below.
We used four labor productivity indicators, two total factor productivity indicators, six value added productivity indicators, and GDP per person employed. Two total factor productivity indicators of Penn World Table are used in our empirical investigation: total factor productivity level at current PPPs and welfare-relevant total factor productivity levels at current PPPs. We used four labor productivity measures of The Conference Board. Total Economy Database of The Conference Board reports four labor productivity indicators, namely, Labor productivity per person employed in 1990 US$, Labor productivity per person employed in 2014 US$, Labor productivity per hour worked in 1990 US$, and Labor productivity per hour worked in 2014 US$. We also used total and sectoral value added productivity indicators obtained from World Bank. Finally, we used GDP per person employed.
Definition and data source of explanatory variables are given in Table 2 below. Our explanatory variables were chosen in the light of previous studies found in the literature and our main hypothesis (Djankov and Murrell 2002; Estrin et al., 2009; Belorgey et We also introduced three more determinants of productivity into our analysis to see how robust our finding is:
GROSSCF is gross capital formation (% of GDP). The data come from World Development Indicators of the World Bank. The coefficient on the GROSSCF is expected to have a positive sign as improvements in labor productivity and total factor productivity can arise from greater investment in fixed capital.
SCHOOLE refers to gross tertiary school enrolment percentage. The data come from World Development Indicators of the World Bank. The coefficient of the School Enrollment is expected to be positive in our model since investment in human capital may improve productivity.
AWWH refers to annual hours worked in the relevant country. The data are from The Conference Board Total Economy Database. Theoretically, an increase in the average weekly working hours increases the productivity of a worker; however, it decreases the productivity of a worker after a threshold level. Thus, we employed AWWH and square term of AWWH (AWWH^2) 
Estimation Results
Estimation results are reported in Table 3 and 4 for bivariate and multivariate models, respectively. Tables also report the Hausman test statistics for choosing between FEM and REM models. At the 5% significance level, the Hausman test statistics results select FEM model for all models except the multivariate model where INDVLADPLCUR is dependent variable.
As shown by bivariate results in Table 3 , the estimated coefficient of INTERNET variable has the expected positive sign and is statistically significant at 1% level in all models. The strongly significant explanatory power of INTERNET is not affected by the inclusion of the other additional covariates as seen in Table 4 . Thus, this finding suggests a positive relation between the internet penetration and productivity in all forms and implies that countries that have greater internet penetration will have higher productivity levels.
In regard to the other explanatory variables, the estimated coefficient on Gross Capital Formation is positive and significant at least at 10% significance level in all models except one model. Similarly, the estimated coefficient on School Enrollment is positive and significant at least at 1% significance level in all models except one model. The coefficients on AWWH and AWWH^2 take the anticipated signs and are significant at least at the 5% significance level in all models but two models.
Overall for our purpose, the finding of a positive re- 
Conclusion
In addition to other determinants of productivity, this study examines the explanatory power of the internet penetration. By using thirteen productivity indicators, we test the hypothesis that the internet penetration contributes to increase in productivity over the period 2000 to 2013. The largest sample includes 162 countries. We identified a positive correlation between internet penetration and productivity. This finding is statistically significant and valid for thirteen different productivity indicators. Thus, the results suggest that the internet penetration has a positive and significant effect on productivity, controlling for other factors that may contribute to labor productivity.
